Abstract: HA-Ni composites were fabricated by uniaxial pressing from coated powders, in which HA particles were successfully coated with nickel precursor by the electroless deposition method. The compacted powders sintered at temperature 1200°C for 1h. Decomposition of hydroxyapatite into α-TCP (α tricalcium phosphate) and TTCP (tetracalcium phosphate) were not occured in any different nickel content before and after sintering. The Ni peaks sharply increased with increasing of Ni content indicate that high crystallinity of metal and confirmed the existence of nickel in the composites. Compared with that of pure HA, the fracture strength of HA inproved by almost 200% by adding 1wt% Ni due to the increase of the composites density. The enhancement in mechanical properties of HA-Ni composites was found to decrease with increase of Ni content, which attributed to the size effect of nickel grains and higher porosity percentage of composites.
Introduction
As the main mineral constituent of human bones and teeth, hydroxyapatite (Ca 10 (PO 4 ) 6 (OH) 2 ,HA) has attracted strong interest as a bone substitute over the past few decades. However, the poor mechanical properties of HA restrict its application as load bearing implants such as hip joint, tooth roots and femur bones [1] [2] [3] . To overcome the brittleness of ceramic, a second ductile phase such as metal particles has often been incorporated to improve the fracture toughness of ceramics. In recent years the microstructure of these composites has been further refined by the additions of metal particles that were dispersed within the ceramic grains and at grain boundaries [4] [5] . The mechanical properties of these ceramic-metal nanocomposites have been significantly enhanced compared with that of monolithic ceramics, especially for the fracture strength of ceramics. These superior composites were frequently prepared by hot pressing the ceramic and metal powders or by reducing and hot pressing ceramic and metal-oxide powders. However, this processing route required complicated experimental procedure as the reduction of metal-oxide was performed in situ before the hot-pressing sintering. The powder coating technique has been proved to be an effective method in processing ceramic-metal composites [6] [7] . It was found to greatly improve the homogeneity and sinterability of composites, and consequently their mechanical properties. In this work HA-Ni composites were prepared directly from coated powders by electroless deposition technique. The main purpose of this work was to study the effect of different nickel deposited content on the sintering properties of composites.
Experimental.
The raw chemicals used in the experiments included HA (Merck: code no 21223) powder, nickel chloride (NiCl 2 .6H 2 O) and sodium hypophosphate (NaH 2 PO 2 .H 2 O) as a reducing agent. The HA powder and nickel chloride, were weighted, corresponding to 1-10 wt.% of nickel in the final composites and stirred in the solution. After that the reducing agent was added drop-wise to the electroless nickel (EN) bath. The deposition was carried out at temperature 80 o C and the pH of the bath was adjusted to 8 by sodium hydroxide. When the stirring ended, the recovered coated powders were washed with distilled water, and dried in oven overnight. The as-prepared coated powders were sieved before uniaxially pressed with an applied pressure of 45 MPa and subsequently sintered in an argon atmosphere at temperature 1200 o C for 1.5 h. The phase composition of the powders and the composites were identified by X-ray diffractometry (XRD) using Cu Ka radiation (model shimadzu-6000). The density of sintered specimens was measured by the Archimedes method in distilled water. The microstructures of composites were investigated with SEM (model JEOL). The average nickel grain size in the composites was determined from the SEM images. The mechanical properties of specimen were determined by vickers hardness and three point bending testing measurement.
Results and discussions
Electroless deposition of HA-Ni powder. (123) and (004) as reveal in the figure referring to PDF card no: 09-432 for hydroxyapatite. Compare to pure HA pattern, no obvious phase change except the reflections corresponding to the (111) plane of a fcc cubic phase of nickel ( PDF card no: 01-1258) could be observed comfirmed the existence of Ni on deposited powder. For nickel content below 5 wt.% (Figure 2(b) and (c)), a wide peak that corresponds to (1 1 1) plane of cubic Ni phase is shown from the XRD pattern. Since the peak is wide and low intensity, the Ni crystallinity of the deposits is low. For deposit contains 10 wt.% of nickel (Figure (e) ), a sharper peak can be clearly seen and it also relates to (1 1 1) plane of cubic Ni phase. It is obvious that, with increasing the Ni content of deposits, the crystallinity of Ni increases.
Sintering behavior of composites.
The apparent porosity and bulk density relative to theorical of HA are shown in Figure 3 . Optimum density value of 94% was attained in 1wt% Ni and gradually dropped with higher Ni content. On the other hand percentage porosity results show opposite trend which explains the relationship between density and porosity. Therefore, the increase in the density value of Ni-HA composites 
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attributed to decrease of porosity percentage in the specimen. Figure 4 shows the relationship between grain size of Ni particle and shrinkage percentage of HA-Ni composites after sintering. The size of Ni particle increase from 0.26µm to 3.5µm with increasing of Ni content after sintering. Adversely, the optimum shrinkage percentage obtained in 1wt% Ni and gradually decreased with increasing grain size due to higher Ni content. The bigger size of nickel grains and the higher porosity distribution, restrict the shrinkage of composites during sintering. 
Where r and f are grain diameter and volume fraction of the second phase respectively. Zener's model indicates that when grain diameter of the second phase is constant, the grain size of the matrix decreases with increasing volume fraction of the second phase. Thus the introduction of Ni particles can restrain the growth of HA grains. And when f is constant, the grain size of the matrix becomes big with increasing the size of second phase. In this study, with increasing Ni content over 5wt%, Ni grains agglomerated and grown during sintering as shown in Figure 5 (c) and (d). Therefore effect on restraining the growth of HA becomes weak over this load. Bigger pores distributed within the HA matrix due to the bigger size as well as pull-outs of nickel grains were seen as dark spots for composites over 5wt% Ni. Phase compositions of HA-Ni composites after sintering presented in Figure 6 . More nickel peaks clearly revealled corresponding to (111), (200) and (220) planes. The peaks sharply increased with increasing of Ni content indicate that high crystallinity of nickel metal in the composites. No decomposition of hydroxyapatite into α-TCP (α tricalcium phosphate) and TTCP (tetracalcium phosphate) were observed in any different nickel content after sintering. 
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The mechanical properties of HA-Ni composites as functions of Ni content, are shown in Figure 7 .
The hardness results of HA-Ni composite after sintering at 1200 o C is presented. The hardness obtained in high content of Ni wt% is much lower than in low content. This is attributed to the higher porosity of composites as shown in Figure 3 and 5. The more the porosity, the smaller the hardness of ceramic materials. With appropriate Ni content of 1wt%, results to optimum hardness of 388hv. From the graph, fracture strength shows similar trend relationship to hardness of composites. The maximum strength is about 80 MPa with 1wt% Ni, compared to value of 27MPa for pure HA. The relationship between fracture strength and fracture toughness could be obtained from this Equation (9):
Where , , c and Y represent the fracture strength, fracture toughness, one half of the width of the initial flaw,geometrical parameter of flaw. According to the above equation, is proportional to . So from this study, it can be said that the increased of fracture strength value should due to high fracture toughness of the composite. In the case of the toughening of composites the ductility of Ni particles plays important roles in crack deflection for uniformly dispersed particles. On the other hand, the voids in which relatively large Ni particles for over 5wt% of Ni as shown in Figure 5 , seemed to be pulled out from the HA grains confirmed the weakness of the bonding strength of the interface. The strength decreased also results from the decrease of the density of the composites due to agglomeration of nickel particles within the composites.
Conclusions
In this study HA-Ni composites from coated powder with different wt%Ni content were sintered at temperature 1200 o C. Deposition rate of coated powder increased with the increase of NiCl 2 .6H 2 O concentration. Nickel particles were homogeneously dispersed in the HA matrix after sintered and the grain size of Ni increase as a function of Ni content. The crystallinity of Ni increases with increasing the Ni content in the composite. The mechanical properties of composites enhanced up to 200% with 1wt% Ni and gradually decreased at higher nickel content in the composites.
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